A confornational change in Escherichia coli RNA polymerase induced by NusA was detected by utilizing photocrosslinking. A change in the binding site for the 3' end of the RNA occurred, and NusA increased interactions of the RNA with the 0 subunit of the polymerase. NusA was not contacted by the 3' end of the RNA.
RNases (2, 10) . The molecular mechanism linking NusA and pausing is still unknown. It has been proposed that NusA might reduce the elongation rate by interaction with the RNA, by binding to core to block access of substrates, or by competition with nucleotides for polymerase binding (12, 14) . We report here the use of photocrosslinking to determine the effect of NusA upon the conformation of the enzyme.
To determine whether NusA changes the conformation of the core polymerase near the binding sites for the 3' end of the RNA and the next nucleotide, we incorporated a photocrosslinker into the nucleotide at the 3' end of RNA in two different elongation complexes (Fig. 1) . The analogs used were 5-(4-azidophenacyl)thio-UTP (5-APAS-UTP) (5, 6) and 5-APAS-CTP (7), which are incorporated into RNA by E. coli RNA polymerase (1, 2) . The RNA was radioactively labeled, the 3' end of the RNA was cross-linked to the polymerase, and the distribution of the cross-linking among the polymerase subunits was determined. Because RNA cross-linking occurs only to proteins in direct contact with the azide on the nucleotide analog, any change in the position of the 3' end of the RNA, relative to the polymerase subunits, can be detected Reactions that were irradiated are indicated by a plus sign, and those that were not irradiated are indicated by a minus sign. The positions of NusA and the subunits of the RNA core polymerase, as determined by silver staining of the gel before autoradiography, are indicated. The 13 and 13' subunits were not separated on this gel.
Incorporation of photocrosslinking analogs into the nascent RNA. To prepare 3' azide-tagged RNA in the C-16 and U-21 complexes (Fig. 2) , U-15 complexes from the PR' promoter (lane 1) and A-20 complexes from the Al promoter (lane 6) were made by transcription in the absence of the nucleotide encoded at positions 16 and 21, respectively. The RNAs in the transcription complexes were elongated to C-16 or U-21 by addition of APAS-CTP or APAS-UTP, respectively. RNA polymerase was present at 30 nM, and NusA, when present, was at 1.5 ,uM. After irradiation, RNA cross-linked to protein remained in the wells of the gel, whereas RNA that reacted with solvent ran into the gel as a diffuse band.
NusA does not contact the 3' end of the nascent RNA. Because the azide-tagged RNA was radioactively labeled, any contact that the 3' end of the RNA made with NusA could be trapped by photocrosslinking and detected by autoradiography. The ,B and/or 13 (Fig. 3) . NusA was not cross-linked in any of these complexes.
NusA changes the interaction of core polymerase subunits with the RNA. The i and 1' subunits were separated on a step gradient gel (Fig. 4) . The labeling distribution between 13 and 1' was significantly changed in the presence of NusA for both the C-16 and U-21 complexes. NusA caused an increase in the labeling of 1B of about 13% in the C-16 complexes and about 25% in U-21 complexes (Fig. 5) . In earlier work with the U-21 complex, we reported that it appeared as if only the 1 subunit was labeled; however, we stated that 13 and 1B' were not being separated. In this work, we have separated these subunits, and both i and ' are labeled, with the majority of the label falling on 1', not 13, in the absence of NusA.
Our data suggest that the interaction with NusA changes the conformation of core polymerase at the binding site for the 3' end of the RNA. Although the effect in both complexes examined is an increase in the contact between the subunit and the 3' end of the RNA, the magnitude of the shift differs. In addition, the relative amount of cross-linking falling on 13 and 1' is different in these two complexes, even in the absence of NusA. There may be a difference between the cross-linking domains contacted by the UTP analog and by the CTP analog. Although molecular models indicate that these two pyrimidine analogs should probe similar domains relative to the RNA, too little is known about the actual binding domains for nucleotides and the RNA to assume that this would be true in transcription complexes. Alternatively, the difference in RNA contacts with and 1' could be due to the different RNA lengths in these elongation complexes, could be due to the fact that they were generated from different promoters, or could be because the Al promoter was on supercoiled DNA, while the PR' promoter was on a linear DNA fragment. Many additional elongation complexes must be examined before we can answer this question.
There is evidence that NusA may influence pausing and termination by two independent mechanisms, possibly involving binding of NusA to two different sites on the core enzyme (14) . In this study, only the influence of NusA on paused complexes has been examined. Under these conditions, we observe a clear effect of NusA on the conformation of the core polymerase at the binding site for the 3' end of the RNA, but we observe no direct interaction of NusA with the 3' end of the nascent RNA.
